Introduction: During the first trimester of human pregnancy, fetally-derived extravillous trophoblast 31 (EVT) cells invade into uterine decidua and remodel the uterine spiral arteries to ensure that 32 sufficient blood reaches the maternal-fetal interface. Decidual macrophages have been implicated in 33 the regulation of decidual remodelling and aberrant activation of these immune cells is associated 34 with pre-eclampsia. 35
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Human pregnancy represents a unique immunological paradigm; requiring tolerance of the semi-3 allogeneic fetus, regulation of placentation, and maintenance of host-defence against pathogens. 4
During the first trimester of pregnancy, the uterine decidua changes significantly as fetally-derived 5 extravillous trophoblast (EVT) cells invade and remodel the uterine spiral arteries, ensuring a 6 sufficient blood supply to facilitate the transfer of nutrients across the maternal-fetal interface (1). 7
Pre-eclampsia is a complication of pregnancy typically characterised by gestational hypertension and 8 proteinuria, and clinically diagnosed after the 20 th week of gestation (2). Pre-eclampsia is estimated 9 to affect 2-8% of pregnant women worldwide and is a leading cause of maternal and fetal morbidity 10 and mortality (3). Although the pathophysiology of pre-eclampsia is yet to be fully elucidated, 11 inadequate spiral artery remodelling and shallow trophoblast invasion during the first trimester are 12 associated with the condition (4-6). 13 14
Macrophages are large mononuclear phagocytic cells that predominantly function to clear 15 extraneous cellular material from the interstitial environment but also have a central role in innate 16 and adaptive immunity (7). Given the array of macrophage functions, considerable macrophage 17 diversity and plasticity exists (8). However, decidual macrophages also express some genes associated with immune activation, and 41 secrete pro-inflammatory cytokines such as TNF-alpha, in addition to potent anti-inflammatory 42 cytokines such as 18) . Recent studies have suggested that there may be sub-sets of 43 decidual macrophages characterised by CD11c expression, with a high CD11c expression associated 44 
Characterisation of Macrophage Polarisation 85
To assess polarisation, the pro-inflammatory cytokines TNF-α and IL-6 (CA markers), or the anti-86 inflammatory cytokine transforming growth factor beta (TGF-β) (AA marker) were quantified in the 87 CM. For this purpose, Human Duo-set enzyme-linked immunosorbent assay (ELISA) kits (R&D 88 Systems, Abingdon, UK) were used according to the manufacturer's instructions. 
SGHPL-4 Survival, Proliferation and Motility Assay 98
To determine whether macrophage polarisation impacts on EVT behaviour, SGHPL-4 cells were 99 treated with polarised THP-1 CM and assessed using time-lapse microscopy. The SGHPL-4 cells were 100 serum-starved overnight (SGHPL-4 medium containing 0.5% (v/v) FBS) prior to treatment with 101 polarised THP-1 CM (1x10 4 cells/ml). An Olympus 1x70 inverted microscope (Olympus, Southend-on-102
Sea, UK) with a Hamamatsu C4742-95 digital camera and motorised stage (Hamamatsu Protonics) 103
and Image-Pro Plus software (MediaCybernetics, Version 4.5) was used to image two positions in 104 each well every 15min for 48h. Forty cells from each treatment were chosen at random and tracked 105 using Image-Pro Insight software. To determine apoptotic cell death, the time frame at which 106 apoptotic morphology became apparent was recorded (a phase bright appearance followed by 107 membrane blebs or blisters (27)). To determine cell proliferation, the time frame at which a cell 108 divided was recorded. 109 SGHPL-4 motility was assessed using Image-Pro Insight software to track the individual trajectory of 110 20 cells chosen at random for each treatment. To explore a possible role for macrophage secreted 111 TNF-α in regulating trophoblast motility, TNF-α was neutralised in the CM using 5µg/ml of Mouse 112
Anti-Human TNF monoclonal antibody with mouse IgG1κ used as an isotype control (BD Pharmingen, 113
Oxford). Previous studies have shown that Mouse Anti-Human TNF monoclonal antibody is capable 114 of neutralising the bioactivity of TNF in CM when used as per the manufacturer's instructions (28). 115
116

SGHPL-4 Western Blot Analysis 117
A western blot analysis was undertaken to assess whether SGHPL-4 treatment with THP-1 CM affects 118 the levels of apoptotic marker cleaved caspase 3. SGHPL-4 cells were cultured in polarised THP-1 CM 119 for 24h (1x10 5 cells/ml). After 24h the cell lysate was collected and a western blot analysis 120 performed, using 1:1000 rabbit anti-cleaved caspase 3 (Cell Signaling, UK) and 1:10000 mouse anti-121 α-tubulin (Abcam, Cambridge, UK). Western blots were scanned using an Odyssey Scanner and the 122 M A N U S C R I P T To confirm THP-1 polarisation, secretion of pro-and anti-inflammatory cytokines by the CA and AA-143 polarised THP-1 cells was assessed by ELISA (Figure 1 ). The CA CM had a significantly higher 144 concentration of the pro-inflammatory cytokines IL-6 and TNF-α than the AA cells (p<0.05). The CA 145
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CM contained approximately 60-fold more IL-6 than the AA CM, where levels were only just within 146 the assay detection limit. TNF-α production was over two-fold higher in the CA CM than the AA CM. 147
Conversely, the AA CM contained approximately 5-fold more of the anti-inflammatory cytokine TGF-148 β (p<0.001) than the CA CM. 149 150 CA macrophages reduce SGHPL-4 motility 151 SGHPL-4 motility in response to the polarised THP-1 CM was assessed by tracking individual SGHPL-4 152 cells over 48h (Figure 2 ). Cells treated with the CA CM had significantly lower cell motility when 153 compared to the media control and the AA CM (p<0.01 and p<0.01, respectively). Motility was 154 unaffected by the AA CM when compared with the control. In order to assess whether TNF-α 155 secretion was responsible for the differential effect of the CA and AA CM on the motility of the 156 trophoblast cell line, TNF-α was blocked from the CM but this had no effect when compared to the 157 control IgG1κ. pre-eclampsia (4-6). An inverse relationship between reduced trophoblast invasion and macrophage 198 infiltration of the spiral arteries has been reported in pre-eclampsia (14, 21), however, the 199 polarisation status of these macrophages was unknown. In this study, when we exposed a 200 trophoblast cell line to CA CM a significant inhibition of motility was observed when compared to the 201 AA CM or control medium. This suggests that decidual macrophage polarisation towards a more pro-202 inflammatory phenotype may contribute to impaired migration of trophoblast impacting on their 203 ability to interact with cells of the spiral artery. 204
Macrophages are primary producers of TNF-α, a pro-inflammatory cytokine belonging to a 205 superfamily of soluble TNF ligands with diverse functionality (31). TNF-α is known to have a role in 206 cellular apoptosis, proliferation, and motility (32) and is implicated in the pathology of pre-207 eclampsia. For example, studies have shown that serum concentrations of TNF-α are significantly 208 elevated in women with pre-eclampsia compared to normotensive controls (33). Furthermore, TNF-209 α has previously been shown to inhibit EVT migration and invasion as a result of plasminogen 210 activator inhibitor (PAI)-1 induction (18, 34) . Therefore, we investigated whether TNF-α was the 211 factor responsible for the differential effect of the CA and AA CM on EVT motility. However, blocking 212 TNF-α was not found to alter the CA effect suggesting that additional mechanisms may influence 213 trophoblast motility in response to macrophage polarisation. 214
Decidual macrophages secrete a plethora of additional soluble factors some of which are known to 215 influence trophoblast invasion and migration. For example, they are known to secrete vascular 216 endothelial growth factor (VEGF) and IL-10 both of which are thought to have an inhibitory effect on 217 trophoblast motility (35, 36) . They also produce a number of soluble factors that have been shown 218 to promote trophoblast motility such as 38) . It is likely that a combination of 219 inhibitory and promotional factors is responsible for macrophage regulation of trophoblast motility, 220
and it is possible that the balance is tipped towards inhibition with CA polarisation. 221
Apoptosis is an important mechanism in normal placental development and decidual remodelling, 222 although excessive apoptosis may play a role in the pathology of pre-eclampsia (39). When we 223 investigated the effect of macrophage polarisation on EVT apoptosis by time-lapse microscopy no 224 significant difference above basal levels was observed with either the CA or AA treatment. However, 225 differences in SGHPL-4 morphology between the treatments were observed. When SGHPL-4 protein 226 levels of cleaved caspase 3 were investigated, the CA treatment was found to significantly up-227 regulate this apoptotic marker. It is likely that these results reflect the stage at which apoptosis was 228 assessed; caspase 3 is an intracellular protein with a central role in the apoptotic cascade whereas 229 morphological analysis of membrane integrity through time-lapse assesses the terminal stage of 230 apoptosis. This observation correlates with previous studies that have shown an association 231 between the number of activated macrophages and apoptosis in other EVT cell lines (40). 232
During the first trimester of pregnancy, EVT migrate in columns from the placental villi into the 233 decidua. EVT at the tips of these columns subsequently detach and differentiate to become either 234 interstitial or endovascular trophoblast which, as they differentiate, exit the cell cycle and cease 235 proliferating (41, 42). In our study treatment with both the CA and AA CM was found to abolish 236 M A N U S C R I P T ) were activated in 6ml of THP-1 medium with 100nM PMA and 2 classically or alternatively activated with 100ng/ml of LPS and 20ng/ml of IFN-γ or 20ng/ml of IL-4 3 and 20ng/ml of IL-13, respectively. After 72h the polarising media was replaced with fresh THP-1 4 medium without polarising factors. The CM was collected after 24h and the concentration of IL-6, 5 TNF-α and TGF-β assessed by ELISA and the treatments compared statistically using a paired T-test. 6
A) The concentration of IL-6 (pg/ml), n=9, *p<0.05. B) The concentration of TNF-α (pg/ml), n=9, 7 *p<0.05. C) The concentration of TGF-β1 (pg/ml), n=6, ***p<0.001. Data is presented as mean + 8 SEM. as a control, to induce endothelial-like network formation, and imaged after 24h. The treatments 43
were compared statistically using a repeated measures ANOVA and Tukey's multiple comparisons 44 test, n=4 experimental repeats. A) The total number of branches was significantly increased in the 45 CA CM compared with the AA CM and control (**p<0.01). B) The average length of branch structures 46 was significantly increased in response to the AA CM when compared with the CA CM and the 47 control (**p<0.01). Original magnification: 4X. Data is presented as mean + SEM. 48
